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(57) An electron emitting device includes at least a 
first electrode and an electron emitting section provided 
on the first electrode. The electron emitting section is 
formed of a particle or an aggregate of particles. The 
particle contains a carbon material having a carbon six- 



membered ring structure. The carbon material having a 
carbon six-membered ring structure contains, for exam- 
ple, graphite or a carbon nanotube as a main compo- 
nent. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electron 
emitting device for emitting electrons and a method for 
producing the same, and in particular to an electron 
emitting device produced using particles containing a 
carbon material having a carbon six-membered ring 
structure or an aggregate thereof, and a method for pro- 
ducing the same. The present invention also relates to 
an electron emitting source including a plurality of such 
electron emitting devices, an image display apparatus 
utilizing such an electron emitting source, and a method 
for producing them. 

BACKGROUND ART 

[0002] Recently, micron-size electron emitting 
devices have actively been developed as electron 
sources replacing an electron gun for high definition, 
thin display apparatuses or as electron sources (emitter 
sections) of microscopic vacuum devices capable of 
high speed operation. 

[0003] Conventionally, electron emitting devices of 
a "heat emission type", by which a high voltage is 
applied to a material of tungsten or the like heated to a 
high temperature to emit electrons are used. Recently, 
electron emitting devices of a "cold cathode type" which 
do not need to be heated to a high temperature and can 
emit electrons even at a low voltage have actively been 
developed. Various kinds of electron emitting devices of 
the cold cathode type are available. In general, a field 
emission (FE) type, a tunnel injection (MIM or MIS) 
type, and a surface conduction (SCE) type have been 
reported. 

[0004] In an FE type electron emitting device, a volt- 
age is applied to a gate electrode to apply an electric 
field to an electron emitting section. Thus, electrons are 
emitted from a cone-shaped projection formed of silicon 
(Si) or molybdenum (Mo). An MIM or MIS type electron 
emitting device includes a stacking structure including a 
metal layer, an insulating layer, a semiconductor layer 
and the like. Electrons are injected from the side of the 
metal layer and caused to pass through the insulating 
layer, utilizing the tunneling effect, and the electrons are 
emitted outside from an electron emitting section. In an 
SCE type electron emitting device, an electric current is 
caused to flow in a planar direction of a thin film formed 
on a substrate, and the electric current is emitted from 
an electron emitting section formed in advance (in gen- 
eral, a microscopic crack portion existing in an electric- 
ity-conducting area in the thin film). 
[0005] The structures of these cold cathode type 
electron emitting devices all have a feature that a preci- 
sion machining technology is used to reduce the size of 
the structure and raise the integration degree, 
[0006] A cold cathode type electron emitting device 
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is required to provide a high level of electric current 
when driven at a low voltage and a low power consump- 
tion and is also required to have a structure which can 
be produced at low cost. 

5 [0007] As such a cold cathode type electron emit- 
ting device, Japanese Laid-Open Publication No. 7- 
282715, for example, discloses a structure schemati- 
cally shown in Figure 1. The conventional structure 
shown in Figure 1 utilizes diamond, which obtains a 

io negative electron affinity when subjected to a specific 
treatment, as an electron emitting source. The structure 
shown in Figure 1 uses diamond particles, instead of a 
diamond film, in an attempt to simplify the production 
process and also to reduce the production cost. 

75 [0008] More specifically, with reference to Figure 1 , 
a conductive film 112 to be formed into an electrode is 
formed on a substrate 111, and an electron emitting 
section 114 formed of diamond particles 113 is formed 
on the conductive film 112. The diamond particles 113 

20 have a negative electron affinity as a result of a specific 
treatment. An electron extraction electrode (not shown) 
is provided opposite to the diamond particles 113. By 
supplying the electron extraction electrode with an elec- 
tric potential, the electrons are emitted outside from the 

25 electron emitting section 114 formed of the diamond 
particles 113. 

[0009] The electron affinity at the surface of the dia- 
mond particles 113 is negative. Accordingly, the elec- 
trons injected from the conductive layer 112 to the 

30 diamond particles 1 1 3 are expected to be easily emitted 
from the diamond particles 113. With the structure 
shown in Figure 1, theoretically, it is expected that the 
electrons can be emitted outside without a high voltage 
being applied to the electron extraction electrode (not 

35 shown) opposed to the diamond particles 113. 

[001 0] The structure shown in Figure 1 , which uses 
the diamond particles 113 to form the electron emitting 
section 114, can be formed easily and at low cost. 
[0011] Generally, an electron emitting section 

40 included in an electron emitting device is required to ful- 
fill the features of, for example, (1) easily emitting elec- 
trons at a relatively small electric field (i.e., capable of 
efficient electron emission), (2) providing a satisfactorily 
stable electric current, and (3) having a small overtime 

45 change in the electron emitting characteristics. How- 
ever, the electron emitting devices as described above 
which have been reported so far have problems of a 
large dependency of the operating characteristics on 
the shape of the electron emitting section or a large over 

so time change. 

[0012] With the conventional technology, it is diffi- 
cult to produce electron emitting devices at a satisfac- 
tory reproducibility, and it is very difficult to control the 
operating characteristics thereof. 

55 [0013] In the conventional structure shown in Figure 
1 , the following problems may actually occur when emit- 
ting electrons from the electron emitting section 114. 
[0014] First, unlike the above theory, the electron 
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extraction electrode (not shown) opposed to the dia- 
mond particles 113 forming the electron emitting sec- 
tion 114 needs to be supplied with a high voltage as in 
the conventional device, despite the fact that the elec- 
tron affinity of the diamond particle 1 1 3 is negative. This 5 
is because of an electron barrier existing at an interface 
between the conductive layer 1 12 and the diamond par- 
ticles 113. Such a problem does not occur when the 
conductive layer 112 and the diamond particles 113 
form an ohmic contact, but it is generally difficult, in 10 
terms of materials, to obtain an ohmic contact between 
the conductive layer 112 and the diamond particles 113. 
As a result, a Schottky contact is formed between the 
conductive layer 112 and the diamond particles 113. In 
order for electrons to be injected from the conductive 15 
layer 112 into the diamond particles 113, the electrons 
need to go over the electron barrier existing at the inter- 
face between the two. Therefore, the electron extraction 
electrode opposed to the diamond particles 113 needs 
to be supplied with a high voltage as in the conventional 20 
device in order to emit the electrons outside from the 
diamond particles 113 forming the electron emitting 
section 114. 

[0015] In the structure shown in Figure 1, the dia- 
mond particles 113 need to adhere to the conductive 25 
layer 112 uniformly and stably in order to allow each dia- 
mond particle 113 to act as an electron emitting source 
and to realize uniform and stable electron emission. 
However, the uniform and stable application is difficult. 
Especially, the application stability is significantly influ- 30 
enced by the size of the diamond particle 113. When, 
for example, the particle size is on the order of microns, 
some of the diamond particles 113 may drop, which 
makes stable electron emission difficult 
[0016] As described above, with the conventional 35 
structure shown in Figure 1, it is difficult to obtain an 
electron emitting device having fully satisfactory operat- 
ing characteristics. The exemplary reasons are that it is 
difficult to efficiently inject electrons from the conductive 
layer 112 into the diamond particles 113, and that it is 40 
difficult to cause the diamond particles 1 13 to uniformly 
and stably adhere to the conductive layer 112 and thus 
to fix the diamond particles 113 to uniformly and stably 
to the conductive layer 112. For these reasons, the 
structure of the conventional electron emitting device 45 
and the structure and materials of the electron emitting 
section included in the conventional electron emitting 
device do not fully satisfy the required characteristics. 

DISCLOSURE OF THE INVENTION 50 

[0017] The present invention made for solving the 
above-described problems has objectives of (1) provid- 
ing an electron emitting device capable of obtaining a 
large amount of current at low voltage driving and a 55 
method for producing the same; (2) providing a highly 
stable electron emitting device which can be produced 
at low cost and is capable of efficiently emitting elec- 



trons, by using particles containing a carbon material 
having a carbon six-membered ring structure or an 
aggregate of the particles for an electron emitting sec- 
tion; (3) providing an electron emitting device capable of 
more efficiently emitting electrons, especially by using 
particles containing a carbon material having a carbon 
six-membered ring structure as the electron emitting 
material; (4) providing a highly efficient electron emitting 
source by providing a plurality of electron emitting 
device described above; (5) providing an image forming 
apparatus for displaying a bright and stable image, 
using the above-described electron emitting source and 
the image forming member; (6) providing a method for 
producing an electron emitting device for easily and effi- 
ciently carrying out an important production process 
which uses particles containing a carbon material hav- 
ing a carbon six-membered ring structure used as the 
electron emitting section; and (7) providing a method for 
easily producing an electron emitting device having a 
stably operating electron emitting section over a large 
area with a satisfactory reproducibility, by carrying our 
the step of uniformly fixing particles containing a carbon 
material having a carbon six-membered ring structure 
onto an electrode. 

[0018] In accordance with one aspect of the present 
invention, an electron emitting device including at least 
a first electrode and an electron emitting section pro- 
vided on the first electrode is provided. The electron 
emitting section is formed of a particle or an aggregate 
of particles, and the particle contains a carbon material 
having a carbon six-membered ring structure. By this, 
the above-described objectives are achieved. 
[0019] In one embodiment, the electron emitting 
device further includes a second electrode provided in 
the vicinity of the electron emitting section. 
[0020] In one embodiment, the electron emitting 
section is fixed to the first electrode with a fixing mate- 
rial. 

[0021] In one embodiment, the first electrode has a 
surface having a rugged pattern, and the electron emit- 
ting section is provided on the rugged pattern of the sur- 
face. 

[0022] In one embodiment, the carbon material 
having a carbon six-membered ring structure has 
graphite as a main component. 
[0023] In one embodiment, the graphite is highly 
oriented graphite. 

[0024] Preferably, the electron emitting section is 
provided on the first electrode in a state where a portion 
at which a a bond of carbon six-membered rings is bro- 
ken is directed in an electron emitting direction. 
[0025] In one embodiment, the carbon material 
having a carbon six-membered ring structure has 
graphite as a main component, and the electron emit- 
ting section is provided on the first electrode in a state 
where the normal to a direction in which layers of graph- 
ite are laid is substantially parallel to a surface of the 
first electrode. 
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[0026] Alternatively, the carbon material having a 
carbon six-membered ring structure has graphite as a 
main component. The electron emitting section is pro- 
vided on the first electrode in a state where the normal 
to a direction in which layers of graphite are laid is sub- 
stantially perpendicular to a surface of the first elec- 
trode. A portion at which a a bond of carbon six- 
membered rings is broken exists on a top surface of the 
graphite. 

[0027] In one embodiment, the carbon material 
having a carbon six-membered ring structure has a car- 
bon nanotube as a main component. 
[0028] For example, a tip of the carbon nanotube 
projects from a surface of the particle. 
[0029] Preferably, a tip of the carbon nanotube is 
opened without being closed. 

[0030] For example, the carbon nanotube is formed 
by refining bulk carbon containing a carbon nanotube 
generated by arc discharge between carbon electrodes. 
[0031] Alternatively, the carbon nanotube is formed 
by a plasma CVD technique utilizing a catalyst. 
[0032] Preferably, the fixing material is a vehicle. 
[0033] In one embodiment, the first electrode 
includes an element which is capable of generating a 
carbon compound. 

[0034] In one embodiment, the first electrode 
includes a multiple layer structure including at least one 
semiconductor layer. 

[0035] In accordance with another aspect of the 
present invention, in an electron emitting device includ- 
ing at least a first electrode and an electron emitting 
section provided on the first electrode, the electron 
emitting section is formed of a particle or an aggregate 
of particles, and the electron emitting section is fixed on 
the first electrode with a fixing material. By this, the 
above-described objectives are achieved. 
[0036] Preferably, the particle contains a carbon 
material having a carbon six-membered ring structure. 
[0037] Preferably, the fixing material is a vehicle. 
[0038] Preferably, the fixing material exists only in a 
portion of a surface of the first electrode at which the 
electron emitting section is fixed and does not exist in 
the remaining part of the surface of the first electrode. 
[0039] In accordance with still another aspect of the 
present invention, in a method for producing an electron 
emitting device including at least the steps of forming a 
first electrode, and providing an electron emitting sec- 
tion formed of a particle or an aggregate of particles on 
the first electrode; a particle formed of a material con- 
taining a carbon material having a carbon six-mem- 
bered ring structure is used as the particle. By this, the 
above-described objectives are achieved. 
[0040] In one embodiment, the method further 
includes the step of providing a second electrode in the 
vicinity of the electron emitting section. 
[0041 ] in one embodiment, the step of providing the 
electron emitting section includes the step of fixing the 
electron emitting section to the first electrode with a fix- 



ing material. 

[0042] Preferably, a vehicle is used as the fixing 
material. 

[0043] In one embodiment, the method further 
5 includes the step of forming a surface of the first elec- 
trode to have a rugged pattern, and the electron emit- 
ting section is provided along the rugged pattern. 
[0044] For example, the rugged pattern is formed 
by a sand blasting technique. 
10 [0045] Alternatively, the rugged pattern is formed by 
an etching technique. 

[0046] In one embodiment, the step of providing the 
electron emitting section on the first electrode includes: 
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an application step of applying a solution obtained 
by mixing the particle in a prescribed fixing material 
onto a surface of the first electrode, and a drying 
step of drying the applied solution. 



20 [0047] The application step can be performed by 
spinner application. 

[0048] Preferably, by the drying step, the fixing 
material is removed from a part of a surface of the elec- 
tron emitting section, the part being in the vicinity of an 
25 electron emitting site and including the electron emitting 
site. 

[0049] In one embodiment, the method further 
includes the step of removing the fixing material at least 
from a part of a surface of the electron emitting section, 
30 the part being in the vicinity of an electron emitting site 
and including the electron emitting site. 
[0050] In one embodiment, the step of providing the 
electron emitting section on the first electrode includes 
an application step of applying a solution which contains 
35 a particle forming the electron emitting device mixed 
therein onto a surface of the first electrode, and a treat- 
ment step of removing the solution at least from a part 
of a surface of the electron emitting section, the part 
being in the vicinity of an electron emitting site and 
40 including the electron emitting site, while forming a car- 
bide between the electron emitting section and the first 
electrode. The electron emitting section is fixed to the 
first electrode with the carbide. 
[0051] Preferably, the treatment step includes a 
45 step of exposure to a plasma containing at least one of 
hydrogen, oxygen, nitrogen, argon, krypton and hydro- 
carbon. 

[0052] In accordance with still another aspect of the 
present invention, in a method for producing an electron 
so emitting device including at least the steps of forming a 
first electrode, and providing an electron emitting sec- 
tion formed of a particle or an aggregate of particles on 
the first electrode; the step of providing the electron 
emitting section on the first electrode includes an appli- 
55 cation step of applying a solution obtained by mixing a 
prescribed fixing material and the particle forming the 
electron emitting section onto a surface of the first elec- 
trode, and a drying step of drying the solution so as to 
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remove the fixing material at least from a part of a sur- 
face of the electron emitting section, the part being in 
the vicinity of an electron emitting site and including the 
electron emitting site. By this, the above-described 
objectives are achieved. 

[0053] Preferably, a particle formed of a material 

containing a carbon material having a carbon six-mem- 

bered ring structure is used as the particle. 

[0054] Preferably, a vehicle is used as the fixing 

material. 

[0055] Preferably, as a result of the drying step, the 
fixing material exists only in a portion of the surface of 
the first electrode at which the electron emitting section 
is fixed and does not exist in the remaining part of the 
surface of the first electrode. 

[0056] An electron emitting source according to the 
present invention includes a plurality of electron emitting 
devices arranged in a prescribed pattern; and means for 
supplying an input signal to each of the plurality of elec- 
tron emitting devices. Each of the plurality of electron 
emitting devices is an electron emitting device 
described above according to the present invention. 
The plurality of electron emitting devices each emit 
electrons in accordance with the input signal thereto. By 
this, the above-described objective are achieved. 
[0057] An image display apparatus according to the 
present invention includes an electron emitting source 
described above according to the present invention, and 
an image forming member irradiated with electrons 
emitted from the electron emitting source to form an 
image. By this, the above-described objectives are 
achieved. 

[0058] A method for producing an electron emitting 
source according to the present invention includes the 
steps of forming a plurality of electron emitting devices 
which are arranged in a prescribed pattern so as to emit 
electrons in accordance with an input signal to each of 
the plurality of electron emitting devices; and forming 
means for supplying the input signal to each of the plu- 
rality of electron emitting devices. Each of the plurality of 
electron emitting devices is formed by a method 
described above according to the present invention. By 
this, the above-described objectives are achieved. 
[0059] A method for producing an image display 
apparatus according to the present invention includes 
the steps of forming an electron emitting source; and 
providing an image forming member, irradiated with 
electrons emitted from the electron emitting source to 
form an image, at a prescribed positional relationship 
with respect to the electron emitting source. The elec- 
tron emitting source is formed by a method described 
above according to the present invention. By this, the 
above-described objectives are achieved. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0060] 

5 Figure 1 is a view schematically showing a struc- 
ture of a cold cathode type electron emitting device 
of a conventional technology. 

Figure 2 is a view schematically showing an elec- 
10 tron emitting device in a first example according to 
the present invention. 

Figure 3 is a view illustrating one step of a produc- 
tion process of the electron emitting device in the 
15 first example according to the present invention. 

Figure 4 is a view illustrating one step of a produc- 
tion process of the electron emitting device in the 
first example according to the present invention. 

20 

Figure 5 is a view illustrating one step of a produc- 
tion process of the electron emitting device in the 
first example according to the present invention. 

25 Figure 6 is a view illustrating one step of a produc- 
tion process of the electron emitting device in the 
first example according to the present invention. 

Figure 7 is a view schematically showing a layer 
30 structure of graphite. 

Figure 8 is a view schematically showing a struc- 
ture of a graphite particle. 

35 Figure 9 is a view schematically showing a struc- 
ture of an electron emitting device in a second 
example according to the present invention. 

Figure 10 is a view schematically showing a struc- 
40 ture of an electron emitting device in a third exam- 
ple according to the present invention. 

Figure 11 is a view schematically showing a struc- 
ture of a carbon nanotube. 

45 

Figure 12 is a view schematically showing a state of 
a carbon nanotube where a tip is closed. 

Figure 13 is a view schematically showing a state of 
50 a carbon nanotube where a tip is opened. 

Figure 14 is a view schematically showing a state of 
a carbon film containing carbon nanotubes. 

55 Figure 1 5 is a view schematically showing a state of 
a particle containing carbon nanotubes. 

Rgure 16 is a view schematically showing a struc- 
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ture of an electron emitting device in a fourth exam- 
pie according to the present invention. 

Figure 17 is a view schematically showing a struc- 
ture of an electron emitting device in a fifth example 5 
according to the present invention. 

Figure 18 is a view schematically showing another 
structure of an electron emitting device in the fifth 
example according to the present invention. w 

Figure 19 is a view schematically showing a struc- 
ture of an electron emitting device in a sixth exam- 
ple according to the present invention. 

75 

Figures 20(a) and (b) are views schematically 
showing a microscopic structure and a macro- 
scopic structure of graphite, respectively. 

Figure 21 is a view schematically showing another 20 
structure of an electron emitting device in the sixth 
example according to the present invention. 

Figure 22 is a view schematically showing still 
another structure of an electron emitting device in 25 
the sixth example according to the present inven- 
tion. 

Figure 23 is a view schematically showing yet 
another structure of an electron emitting device in 30 
the sixth example according to the present inven- 
tion. 

Figures 24(a) through (d) are views illustrating 
steps of a production process of an electron emit- 35 
ting device according to the present invention. 

Figure 25 is a view illustrating one step of another 
production process of an electron emitting device 
according to the present invention. 40 

Figure 26 is a cross-sectional view schematically 
showing a structure of an image display apparatus 
in an eighth example according to the present 
invention. 45 

Figures 27(a) through (d) are views illustrating 
steps of a production process of the image display 
apparatus shown in Figure 26. 

50 

Figure 28 is a view schematically showing a struc- 
ture of an electron emitting source in a ninth exam- 
ple according to the present invention. 

Figure 29 is a view schematically showing a struc- 55 
ture of an image display apparatus in a tenth exam- 
ple according to the present invention. 



Figure 30 is a view schematically showing yet 
another structure of an electron emitting device in 
the sixth example according to the present inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0061] Hereinafter, the present invention will be 
described by way of various examples with reference to 
the accompanying drawings. In the drawings, corre- 
sponding elements bear identical reference numerals, 
and overlapping descriptions may be omitted. 
[0062] In order to realize a highly efficient electron 
emitting device, the design of the device structure and 
the selection of the materials for facilitating electron 
emission are important considerations. From the view- 
point of practical use, a device which can be produced 
at low cost is desired. According to the present inven- 
tion, particles containing a carbon material having a car- 
bon six-membered ring structure or an aggregate 
thereof are used for an electron emitting section to real- 
ize an electron emitting device which emits electrons at 
a high efficiency, is capable of surface emission, and is 
easily produced. 

[0063] In this specification, the "particle" is not lim- 
ited to any specific shape. The term "particle" generi- 
cally refers to separated individual objects of various 
shapes such as a needle shape, cylindrical shape, a 
spherical shape and the like as well as separated indi- 
vidual objects having a so-called particle shape. In the 
following description, the "particles or an aggregate 
thereof" may be referred to as a "particle" for simplicity. 

(Example 1) 

[0064] An electron emitting device according to the 
present invention includes at least a first electrode (con- 
ductive layer) and a cold cathode section containing 
particles fixed to the first electrode. Figure 2 schemati- 
cally shows a structure of an electron emitting device in 
a first example according to the present invention. 
[0065] Specifically in Figure 2, reference numeral 1 
represents a substrate (glass substrate in this example), 
reference numeral 2 represents a first electrode (chro- 
mium electrode in this example), reference numeral 24 
represents an electron emitting section, reference 
numeral 4 represents an insulating layer (Si0 2 layer in 
this example), and reference numeral 5 represents a 
second electrode (aluminum electrode in this example). 
The electron emitting section 24 is formed of particles 3, 
for example, graphite particles 3. 
[0066] The electron emitting device in this example 
is formed by a process described below with reference 
to Figures 3 through 6. 

[0067] First as shown in Figure 3, the chromium 
electrode 2 having a thickness of 200 nm is formed on 
the glass substrate 1 by an RF sputtering technique. 
[0068] Next, 400 mg of graphite particles having an 
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average particle size of 5 u,m are mixed into 20 cc of a 
solution obtained by diluting isobutyl methacrylate with 
butyl carbitol, and is uniformly dispersed by, for exam- 
ple, supersonic stirring or stirring using a rotation roller. 
At this point, the distribution density of the graphite par- 5 
tides is 2 x 10 7 /cm 2 . The resultant solution is applied to 
the chromium electrode 2 by a spinner and left in a 
300°C atmosphere for 1 hour to be dried. Thus, as 
shown in Figure 4, the graphite particles 3 adhere to the 
chromium electrode 2. In Figure 4, reference numeral 6 10 
represents an organic material contained in the solution 
in which the graphite particles 3 were dispersed. 
[0069] After drying, as shown in Figure 5, a surface 
of the electrode having the graphite particles 3 applied 
thereto is exposed to a hydrogen plasma 7 to remove 75 
the organic material 6 remaining on a surface of the 
graphite particles 3. The temperature of the glass sub- 
strate 1 at this point is, for example, 350 degrees. By 
appropriately setting the temperature of the plasma 7 
and the substrate 1, a part of the organic material 6 20 
exposed to the plasma 7 is decomposed and thus 
removed, and another part of the organic material 6 
positioned between the graphite particles 3 and the 
chromium electrode 2 is carbonized into a carbide 8 as 
shown in the circle magnification in Figure 5 and 25 
remains after the treatment. This carbide 8 fixes the 
graphite particles 3 to the chromium electrode 2. By 
removing the part of the organic material 6 on the sur- 
face of the graphite particles 3, the electron emitting 
characteristics from the graphite particles 3 (electron 30 
emitting section 24) is stably maintained. 
[0070] Then, the Si0 4 layer 4 (thickness: 15 urn) 
and the aluminum electrode 5 (thickness: 0.1 jim) are 
sequentially formed by a sputtering technique, and a 
hole is formed at a prescribed position by etching. The 35 
chromium electrode 2 having the graphite particles 3 
adhering thereto is positioned in the hole (see Figure 6). 
[0071] With the electron emitting device produced 
by the above-described process, when a potential differ- 
ence of 45 V was applied between the chromium elec- 40 
trode 2 and the aluminum electrode 5, electron 
emission from the graphite particles 3 started. Then, 
when a potential difference of 75 V was applied, an 
electron emission density of about 30 jiA/mm 2 could be 
confirmed. 45 
[0072] In this example, the part of the organic mate- 
rial 3 remaining on the surface of the graphite particles 
3 is removed by hydrogen plasma treatment, and the 
carbide 8 is formed between the graphite particle 3 and 
the first electrode (chromium electrode) 2 by hydrogen so 
plasma treatment and thus the graphite particles 3 is 
fixed to the first electrode 2. However, the method for 
removing unnecessary remaining organic material and 
the method for fixing the graphite particles are not lim- 
ited to the above-mentioned methods. For example, the 55 
above-described process can include the step of expo- 
sure to a plasma containing at least one of hydrogen, 
oxygen, nitrogen, argon, krypton and hydrocarbon. The 



part of the organic material 6 directly exposed to such a 
plasma is decomposed and thus removed, whereas the 
part of the organic material 6 existing between the elec- 
tron emitting section 24 (particles 3 of an electron emit- 
ting material containing a carbon material having a 
carbon six-membered ring structure) and the first elec- 
trode 2 is partially decomposed into the carbide 8 (car- 
bon or a material having carbon as a main component). 
The carbide 8 acts as a fixing material to strongly fix the 
electron emitting section 24 (particles 3) to the first elec- 
trode 2. 

[0073] In the above-described structure, the graph- 
ite particles 3 are used for the electron emitting section 
24. The material of the electron emitting section 24 is 
not limited to the graphite particles 3, but can be any 
material containing a carbon material having a carbon 
six-membered ring structure. The present inventors 
confirmed, however, that it is practically desirable to 
form the electron emitting section 24 of the graphite par- 
ticles 3 or an aggregate of graphite particles. 
[0074] As shown in Figure 7, graphite has a layer 
structure in which carbon six-membered rings are con- 
nected in a continuous chain. Studies conducted by the 
present inventors found that electrons are more likely to 
be emitted from portions 15 at which the carbon six- 
membered rings are not bonded to any other carbon 
six-membered ring (portions at which a o bond of the 
carbon six-membered rings has been broken). The 
present inventors also found that it is difficult to emit 
electrons from a surface portion 16 of the carbon six- 
membered rings. 

[0075] As schematically shown in Figure 8, on a cir- 
cumferential surface 17 of a graphite particle, the car- 
bon six-membered rings are not bonded to any other 
carbon six-membered ring (corresponding to the por- 
tions 15 in Figure 7). The electrons are easily emitted 
from the circumferential surface 17. Accordingly, by 
applying the graphite particles 3 to the first electrode 2 
at a high density and also in the state of being uniformly 
dispersed and thus causing the graphite particles 3 to 
act as the electron emitting section 24, an electron emit- 
ting device including the high density electron emitting 
section 24 can be realized. Even when an aggregate of 
graphite particles is used, a similar effect is obtained. 
[0076] The electron emitting section 24 containing 
the graphite particles 3 or another carbon material hav- 
ing a carbon six-membered ring structure is preferably 
fixed to the first electrode 2. 

[0077] In the above description, the first electrode 2 
is a chromium electrode. The first electrode 2 preferably 
contains at least one element which can generate a car- 
bon compound. Due to such a structure, a carbon com- 
pound is easily generated between the carbon material 
having a carbon six-membered ring structure and acting 
as the electron emitting section 24 and the first elec- 
trode 2. As a result, the electron emitting section 24 
(particles 3 of an electron emitting material) can be fixed 
electrically and mechanically to the first electrode 2 
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strongly and stably. Consequently, the migration of the 
electrons from the first electrode 2 to the electron emit- 
ting section 24 is facilitated, and thus the electron emit- 
ting characteristics are improved. 

(Example 2) 

[0078] Figure 9 shows a second example according 
to the present invention. The basic structure of the sec- 
ond example is identical with that of the first example, 
except that in the second example shown in Figure 9, 
the graphite particles 3 applied on the chromium elec- 
trode 2 in a dispersed state and acting as the electron 
emitting section 24 are arranged so that the tips 17 (see 
Figure 8) are directed toward the second electrode (alu- 
minum electrode) 5 (upward and perpendicular to the 
chromium electrode 2), i.e., in the electron emitting 
direction. 

[0079] As described above, graphite has a layer 
structure in which carbon six-membered rings are con- 
nected in a continuous chain, and the tips 17 of the 
graphite particles 3 correspond to the portions at which 
the carbon six-membered rings are not bonded to any 
other carbon six-membered ring (reference numeral 15 
in Figure 7). Accordingly, in the structure shown in Fig- 
ure 9 in which the tips 17 of the graphite particles 3 are 
directed toward the aluminum electrode 5 (upward and 
perpendicular to the chromium electrode 2, i.e., in the 
electron emitting direction), an electric field is concen- 
trated to the portions at which the carbon six-membered 
rings are not bonded to any other carbon six-membered 
ring located at the tips 17 of the graphite particle 3, and 
thus the electrons are more easily emitted. For this rea- 
son, the electrons can be emitted at a lower voltage 
than in the first example. 

[0080] Specifically with the electron emitting device 
in this example, when a potential difference of 30 V was 
applied between the chromium electrode 2 and the alu- 
minum electrode 5, electron emission from the graphite 
particles 3 started. Then, when a potential difference of 
50 V was applied, an electron emission density of about 
30 iiA/mm 2 could be confirmed. In the structure of this 
example, the particles 3 can be densely dispersed. 
Therefore, the number of points at which the electrons 
are emitted (also referred to as an "electron emitting 
sites") is increased and the uniformity in the distribution 
of the electron emitting sites is improved compared to in 
the first example. 

[0081 ] Even when particles of a material other than 
graphite are used as particles acting as the electron 
emitting section 24, a similar effect to above can be 
obtained by arranging the particles so that portions of 
the particles through which the electrons are easily 
emitted are directed in the electron emitting direction as 
described above. 

[0082] For example, when a carbon nanotubes 
described in the next example are used to form an elec- 
tron emitting section 24, the carbon nanotubes can be 



arranged so that tips thereof are directed in the electron 
emitting direction. 

(Example 3) 

5 

[0083] Figure 1 0 schematically shows a structure of 
an electron emitting device in a third example according 
to the present invention. 

[0084] Specifically in the structure shown in Figure 

10 10, reference numeral 1 represents a substrate (quartz 
glass substrate in this example), reference numeral 2 
represents a first electrode (tungsten electrode in this 
example), reference numeral 24 represents an electron 
emitting section, and reference numeral 14 represents a 

15 mesh-like electrode acting as a second electrode. In 
this example, the electron emitting section 24 is formed 
of carbon nanotubes or carbon particles containing an 
aggregate of carbon nanotubes (carbon nanotube parti- 
cles described below) 9. 

20 [0085] As schematically shown in Figure 1 1 , a car- 
bon nanotube 11 is a needle-like particle formed of car- 
bon six-membered rings, and has a very large aspect 
ratio (particle length/particle diameter). Therefore, an 
electric field is likely to be concentrated to a tip of the 

25 carbon nanotube 11 and thus electrons are easily emit- 
ted through the tip. In order to realize efficient electron 
emission, the tip of the carbon nanotube 11 is more 
preferably opened as indicated by reference numeral 
11b in Figure 13 than being closed as a result of bond 

30 of carbon atoms as indicated by reference numeral 11a 
in Figure 12. 

[0086] The carbon nanotubes 1 1 can be formed by 
refining bulk carbon containing carbon nanotubes 
formed by arc discharge between carbon electrodes, or 
35 can be formed by a plasma CVD method utilizing a cat- 
alyst. 

[0087] A process for forming carbon nanotubes by 
arc discharge between carbon electrodes (not shown) 
will be described in more detail. Arc discharge is gener- 

40 ated between carbon electrodes which are set in an 80 
Torr helium atmosphere. By such setting, the carbon 
electrodes are partially deposited by sputtering to form 
a carbon film. As schematically shown in Figure 14, the 
carbon film 10 formed in this manner contains carbon 

45 nanotubes 11 at a ratio of about 20%. These carbon 
nanotubes 11 typically have a needle-like structure hav- 
ing a diameter of 1 0 nm and a length of 2 to 3 urn. The 
component other than the carbon nanotubes 11 con- 
tained in the carbon film 10 is mostly carbon particles. 

so [0088] In this example, the resultant carbon film 10 
containing the carbon nanotubes 11 is pulverized into 
particles, and the resultant particles are used as parti- 
cles 9 of an electron emitting material forming the elec- 
tron emitting section 24 shown in Figure 10. In the 

55 following description, the particles 9 obtained in this 
manner will be referred to also as carbon nanotube par- 
ticles 9. 

[0089] The electron emitting device in this example 
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is formed by a process described below. 
[0090] As a first step, the tungsten electrode 2 hav- 
ing a thickness of 200 nm is formed on the quartz glass 
substrate 1 by an RF sputtering technique. Then, as a 
second step, 200 mg of carbon nanotube particles hav- 5 
ing an average particle size of 20 u,m is mixed into 20 cc 
of a solution of isoamine acetate, and is uniformly dis- 
persed in the solution by, for example, supersonic stir- 
ring or stirring using a rotation roller. At this point, the 
distribution density of the carbon nanotube particles is 6 10 
x 10 8 /cm 2 . Then, as a third step, the resultant solution is 
applied to the tungsten electrode 2 by a spinner and left 
in a 300°C atmosphere for 1 hour to be dried. Then, 
after drying, as a fourth step, a surface of the tungsten 
electrode 2 having the carbon nanotube particles 75 
applied thereto is exposed to a hydrogen gas plasma 
containing 1 % of oxygen. The temperature of the quartz 
glass substrate 1 at this point is, for example, 700°C. As 
a fifth step, the mesh-like electrode 14 is located above 
and 50 nm away from the quartz glass substrate 1 . 20 
[0091] The above-mentioned first through third 
steps are basically the same as the corresponding 
steps in the first example. In this example, however, in 
the fourth step, the surface of the dispersed carbon nan- 
otube particles 9 is exposed to the hydrogen gas 25 
plasma containing 1% of oxygen at a high substrate 
temperature of 700°C. Under the conditions, carbon 
particles are more easily etched than the carbon nano- 
tube particles 11. Therefore, as schematically shown in 
Figure 15, the carbon nanotubes 11 partially project 30 
from the particle 9. As a result, a strong electric field is 
concentrated to tips of the carbon nanotubes 11 and 
thus electrons are easily emitted through the tips. 
[0092] The carbon nanotube 11 formed by arc dis- 
charge has a tip structure 11a which is closed as shown 35 
In Figure 12. When the carbon nanotube 11 is exposed 
to a hydrogen gas plasma containing 1% of oxygen at a 
high temperature atmosphere of 700°C, the tip of the 
carbon nanotube 11 is etched and thus obtains a tip 
structure 11b which is opened as shown in Figure 13. ao 
The open tip structure 11b corresponds to the state in 
which the carbon six-membered rings are not bonded to 
any other carbon six-membered ring. In such a state, 
electrons are easily emitted as described in the first 
example. The number of electron emitting sites is also 45 
increased. 

[0093] By the above-described plasma treatment, 
tungsten carbide (WC) which is a carbon compound is 
formed at an interface between the carbon nanotube 
particles 9 and the tungsten electrode 2. This carbon 50 
compound fixes the carbon nanotube particles 9 to the 
tungsten electrode 2. As a result, the contact resistance 
between the carbon nanotube particles 9 and the tung- 
sten electrode 2 is reduced, and thus the electrons are 
stably supplied. In order to generate such a carbon 55 
compound, the material of the first electrode 2 can be 
another materials such as, for example, silicon or tita- 
nium instead of tungsten. The first electrode 2 can be 



formed of a mixture of tungsten and copper or a mixture 
of tungsten and aluminum. 

[0094] The electron emitting device including the 
electron emitting section 24 formed of the carbon nano- 
tube particles 9 by the above-described process can 
stably emit a great number of electrons by application of 
a low voltage. Specifically, when a voltage of 50 V was 
applied to the mesh-like electrode 14, electron emission 
started. When a voltage of 70 V was applied, an elec- 
tron emission density of 50 nA/mm 2 could be confirmed. 
[0095] The atmospheric conditions under which the 
carbon nanotube particles 9 are exposed to a hydrogen 
plasma are not limited to the conditions described in this 
example. The amount of oxygen mixed to hydrogen dur- 
ing plasma treatment is preferably 0.1 atm% to 20 
atm%. An amount of oxygen mixed of 0.1 atm% or less 
is not preferable for the following reasons. The etching 
effect is reduced and thus the structure in which the 
nanotubes 11 partially project from the particles 9 is dif- 
ficult to obtain, and the tips of the carbon nanotubes 11 
are unlikely to be opened. When the amount of oxygen 
mixed is 20 atm% or more, the etching effect is exces- 
sively strong and thus the control of the process condi- 
tions is difficult. 

[0096] The optimum temperature of the substrate 1 
during the plasma treatment changes in accordance 
with the plasma conditions. A substrate temperature of 
200°C or less is not preferable since the etching effect is 
drastically reduced. In the case where a material which 
can synthesize a carbon compound is used as the 
material of the first electrode 2, the substrate tempera- 
ture is preferably maintained, at the lowest, at a temper- 
ature allowing generation of a carbon compound. A 
substrate temperature of 1 000°C or more is not prefera- 
bly since the etching effect is excessively strong and 
thus the control of the process conditions is difficult. 
[0097] In the above description of this example, the 
mesh-like electrode 14 is used as the second electrode, 
but the second electrode can instead have a shape as 
described in the first example. 
[0098] The mesh-like electrode 14 described in this 
example is usable not only when the carbon nanotube 
particles 9 are used but when the electron emitting sec- 
tion 24 is formed of any other electron emitting material. 
The mesh-like electrode 14 is usable in the other exam- 
ples of this specification. 

(Example 4) 

[0099] Figure 1 6 schematically shows a structure of 
an electron emitting device in a fourth example accord- 
ing to the present invention. 

[0100] Specifically in the structure shown in Figure 
16, reference numeral 1 represents a substrate (glass 
substrate in this example), reference numeral 2 repre- 
sents a first electrode (aluminum electrode in this exam- 
ple), reference numeral 24 represents an electron 
emitting section, reference numeral 4 represents an 
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insulating layer (Si0 2 layer in this example), reference 
numeral 5 represents a second electrode (aluminum 
electrode in this example), and reference numeral 13 
represents a Si semiconductor layer. The electron emit- 
ting section 24 is formed of particles of an electron emit- 5 
ting material, for example, graphite particle 3. 
[0101] In the electron emitting device in this exam- 
ple, the Si semiconductor layer 13 is formed on the sub- 
strate 1, and the first electrode 2 formed thereon 
substantially has a multiple layer structure. The electron 10 
emitting device having such a structure is produced by 
a process described below. The process is obtained by 
adding a step of forming the Si semiconductor layer 13 
to the process described above with reference to Fig- 
ures 3 through 6 in the first example. 15 
[0102] First, the Si semiconductor layer 13 having a 
thickness of 250 nm (p type; specific resistance: 4 x 
10 6 n*cm) is formed on the glass substrate 1 by a 
plasma CVD technique. Then, the aluminum electrode 
2 having a thickness of 500 nm is formed on the Si sem- 20 
iconductor layer 13 by an RF sputtering technique. 
Then, 400 mg of graphite particles having an average 
particle size of 5 u,m is mixed into 20 cc of a solution 
obtained by diluting isobutyl methacryiate with butyl car- 
bitol, and is uniformly dispersed in the solution by, for 25 
example, supersonic stirring or stirring using a rotation 
roller. At this point, the distribution density of the graph- 
ite particles is 2 x 10 7 /cm 2 . The resultant solution is 
applied to the aluminum electrode 2 by a spinner and 
left in a 300°C atmosphere for 1 hour to be dried. Thus, 30 
the graphite particles 3 adhere to the aluminum elec- 
trode 2. Then, after drying, a surface of the electrode 
having the graphite particles 3 applied thereto is 
exposed to a hydrogen plasma to remove excess 
organic material remaining on a surface of the graphite 35 
particles 3. Then, the Si0 4 layer 4 (thickness: 15 u.m) 
and the aluminum electrode 5 (thickness: 0.1 nm) are 
sequentially formed by a sputtering technique, and a 
hole is formed at a prescribed position by etching. The 
aluminum electrode 2 having the graphite particles 3 ao 
adhering thereto is positioned in the hole. 
[0103] In the case where at least a semiconductor 
layer or a high resistance layer such as the Si semicon- 
ductor layer 13 is provided on the substrate 1 and the 
first electrode 2 is formed thereon so that the first elec- 45 
trode 2 substantially has a multiple layer structure, the 
semiconductor layer or the high resistance layer sup- 
presses generation of abnormal discharge and thus the 
level of the electric current emitted is stabilized. 
[0104] Specifically, with the electron emitting device 50 
produced by the above-described process, when a volt- 
age of 45 V was applied to the aluminum electrode 5, 
electron emission started. Then, when a voltage of 75 V 
was applied, an electron emission density of about 30 
jiA/mm 2 could be confirmed. At this point, no destruc- 55 
tion of the device due to abnormal discharge or the like 
was found, and the emission current was highly stable. 
Without the Si semiconductor layer 13, an overtime dis- 



persion of the emission current of about 50% occurs. In 
this example, the over time dispersion in the emission 
current was 10% or less. 

[0105] The above-described structure, in which at 
least one semiconductor layer or high resistance layer 
such as the Si semiconductor layer 13 is provided to 
cause the first electrode 2 to have a multiple layer struc- 
ture, is usable in the other examples in this specifica- 
tion. 

[0106] In the above descriptions of the examples, 
an electrode having an opening at the position corre- 
sponding to the electron emitting section or a mesh-like 
electrode is used as the second electrode. Instead, as 
described below, a planar electrode having no opening 
can be provided a prescribed distance away from the 
electron emitting section. 

(Example 5) 

[01 07] Figure 1 7 is a cross-sectional view schemat- 
ically showing a structure of an electron emitting device 
in a fifth example according to the present invention. 
[0108] As shown in Figure 17, in the electron emit- 
ting device in this example, a conductive layer 51 acting 
as a first electrode is formed on a substrate 61 . Particles 
52 of an electron emitting material are fixed to the con- 
ductive layer 51 by a fixing material 53, thus to form an 
electron emitting section 54. An electron extraction 
electrode (second electrode) 55 is located so as to 
oppose the substrate 61 . 

[0109] The structure shown in Figure 17 is gener- 
ally referred to as a diode structure. In an electron emit- 
ting device having this structure, a voltage is applied to 
the electron extraction electrode 55 so as to concentrate 
an electric field to the particles 52 forming the electron 
emitting section 54, and electrons 56 are emitted from 
the particles 52. 

[0110] In order to emit the electrons 56 from the 
electron emitting section 54 uniformly in terms of time 
and space, the particles 52 forming the electron emit- 
ting section 54 need to be applied and caused to adhere 
to the conductive layer (first electrode) 51 with certainty, 
uniformly and at a high density. In this example, the par- 
ticles 52 are fixed by the fixing material 53 and therefore 
a very stable adhesion state can be guaranteed. 
[0111] Figure 17 shows the state in which the fixing 
material 53 exists only in the vicinity of the conductive 
layer 51 and the particles 52. The location of the fixing 
material 53 is not limited to this. For example, as shown 
in Figure 18, the fixing material 53 can exist on a sur- 
face of the particles 52. It should be noted that when a 
part of the surface in the vicinity of an actual electron 
emitting point (electron emitting site) is covered with the 
fixing material 53 which exists on the surface of the par- 
ticles 52, it is difficult to -emit the electrons. Accordingly, 
it is preferable that at least a part of the surface in the 
vicinity of the electron emitting point (electron emitting 
site) of each particle 52 (in the vicinity of a top end of the 
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particle 52 in the structure shown in Figure 18) is 
exposed without being covered with the fixing material 
53. 

[0112] As shown in Figure 24(d) below regarding 
this point, it is preferable that the fixing material on the 
surface of the particles 52 of the electron emitting mate- 
rial is removed to guarantee the electron emitting char- 
acteristics inherent in the electron emitting material, 
while a sufficient amount of fixing material 73 remains 
between the conductive layer 51 and the particles 52 to 
guarantee a sufficient level of fixation. Such a state is 
realized by using a vehicle as the fixing material 53. A 
vehicle is a material often used in fluorescent material 
application. The vehicle is preferable as the fixing mate- 
rial 53 for the reasons that the vehicle has been advan- 
tageously used in vacuum and can realize the above- 
mentioned state. 

[0113] The particles 52 of the electron emitting 
material forming the electron emitting section 54 can be 
independent from one another or can be partially aggre- 
gated. The conductive layer 51, which acts as an elec- 
trode for supplying electrons to the particles 52 forming 
the electron emitting section 54, can be formed of a con- 
ductive thin film or thick film of, for examples, usual met- 
als. The effect of the present invention is obtained 
whether the conductive layer 51 has a single layer struc- 
ture of a multiple layer structure. When structurally per- 
mitted, a layer acting both as the substrate 61 and the 
conductive layer 51 can be provided. 
[0114] By causing the particles 52 of the electron 
emitting material to adhere to the conductive layer 51 by 
the fixing material 53 as described above, the conduc- 
tive layer (electrode) 51 as the electron source and the 
particles 52 are fixed together with certainty to improve 
the reliability. Moreover, an ohmic contact is established 
between the two, and thus electron injection from the 
conductive layer 51 to the particles 52 is performed in a 
satisfactory manner. 

[0115] When a triode structure is adopted for the 
electron emitting section 54 instead of the diode struc- 
ture, a similar effect is obtained. In the triode structure, 
a electron extraction electrode having an opening at a 
position corresponding to the electron emitting section 
54 is provided a prescribed distance away from the 
electron emitting section 54. 

(Example 6) 

[0116] Figure 19 is a cross-sectional view schemat- 
ically showing a structure of an electron emitting device 
in a sixth example according to the present invention. In 
this example, graphite particles 72 are used as the par- 
ticles of an electron emitting material forming the elec- 
tron emitting section 54 described in the fifth example. 
[0117] With reference to Figure 19, in the electron 
emitting device in this example, a conductive layer 
(electrode) 51 is formed on a substrate 61. Graphite 
particles 72 are fixed to the conductive layer 51 by a fix- 



ing material 53, thus to form an electron emitting section 
54. An electron extraction electrode 55 is located so as 
to oppose the substrate 51. 

[0118] The structure shown in Figure 19 is also 
5 generally referred to as a diode structure. In an electron 
emitting device having this structure, a voltage is 
applied to the electron extraction electrode 55 so as to 
concentrate an electric field to the graphite particles 72 
forming the electron emitting section 54, and electrons 
io 56 are emitted from the graphite particles 72. 

[01 1 9] Figure 20(b) schematically shows a macro- 
scopic view of a graphite particle 72. Microscopically, as 
schematically shown in Figure 20(a), two-dimensional 
expansions of carbon six-membered ring structures are 
15 stacked in layers. As described above regarding the first 
example, a portion at which a a bond of carbon six- 
membered rings has been broken (in the microscopic 
structure) is exposed on an end surface of the graphite 
particle 72. Accordingly, it has been found by experi- 
20 ments that when an electric field is concentrated to the 
graphite particles 72, a great number of electrons are 
emitted from the exposed portion at which the a bond 
has been broken (from ends of the graphite particles as 
schematically shown in Figure 19 by arrows, which indi- 
25 cates the emission paths of the electrons 56). 

[0120] Hereinafter, the results of the experiments 
performed by the present inventors on the electron 
emission from graphite particles will be described. 
[0121] Specifically, an electron emitting device hav- 
30 ing the above-described diode structure was used. A 
voltage was applied to the electron emitting device so 
as to obtain an electric field strength of 10 V/u.m in an 
atmosphere having a vacuum degree on the order of 1 0" 
7 Torr, and the emission current was measured. When 
35 graphite particles were used as the electron emitting 
material forming the electron emitting section, an emis- 
sion current on the order of microamperes was 
obtained. By contrast, when Cu, Al or Ti0 2 was used as 
the electron emitting material, an emission current only 
40 on the order of nanoamperes was obtained in each 
case under the same conditions. As can be appreci- 
ated, more efficient electron emission can be realized 
by using graphite particles as the electron emitting 
material. 

45 [0122] The portion in a graphite particle at which 
the o bond of carbon six-membered rings has been bro- 
ken can be naturally occurring or formed in post-treat- 
ment. 

[0123] Figure 21 shows a structure altered from the 
so structure shown in Figure 1 9. The graphite particle 72 is 
located so that the normal to the direction in which lay- 
ers of the carbon six-membered rings are laid is sub- 
stantially perpendicular to the surface of the conductive 
layer (electrode) 51. The graphite particle 72 has a con- 
55 cave portion (cut-out portion) 722 in a surface (top sur- 
face) thereof. A portion at which the o bond is broken is 
exposed at the concave portion 722. Thus, electrons 
are easily emitted through the concave portion 722. An 
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area in the vicinity of the concave portion 722 substan- 
tially acts as the electron emitting section 54. In the 
case where the concave portion 722 is selectively 
formed on the surface of the graphite particles 72, elec- 
tron emission can be selectively performed. 5 
[0124J When highly oriented graphite having a 
highly oriented carbon six-membered ring structure is 
used for the graphite particles 72 in the structure shown 
in Figure 21 having the concave portion 722, the above- 
described effect is provided more conspicuously. In the w 
experiment performed by the present inventors, a 
groove (cut-out portion) was formed in a surface of a 
graphite sheet known by the trade name "Super Graph- 
ite" with a knife, and an electron emitting state from that 
portion was measured. It was confirmed that electrons is 
were emitted from the groove as well as from end sur- 
faces of the graphite sheet. 

[0125] A similar effect can be obtained when the 
concave portion 722 on the surface of the graphite par- 
ticle 72 is formed chemically instead of mechanically. 20 
[0126] In a structure shown in Figure 22, the graph- 
ite particles 72 are arranged so that end surfaces of the 
graphite partictes 72 are directed toward the electron 
extraction electrode 55 (i.e., so that the normal to the 
direction in which layers of the carbon six-membered 25 
rings in the graphite particle are laid is substantially par- 
allel to the surface of the conductive layer (electrode) 
51. The graphite particles 72 are then fixed to the con- 
ductive layer 51 with the fixing material 53. 
[0127] A graphite particle often has a flat shape as 30 
schematically shown in Figure 20(b) due to the micro- 
scopic stacking structure shown in Figure 20(a). There- 
fore, when the graphite particles 72 are applied to the 
conductive layer 51 , the normal to the direction in which 
layers of the carbon six-membered rings are laid is often 35 
substantially parallel to the normal to the surface of the 
conductive layer 51. In such a case, the end surfaces of 
the graphite which most contribute to the electron emis- 
sion are not opposed to the electron extraction elec- 
trode 55. Therefore, the concentration of an electric field 40 
on a portion at which the a bond of carbon six-mem- 
bered rings is broken and which is exposed on the end 
surface is inefficient. 

[0128] By contrast, when the end surfaces of the 
graphite particles 72 are directed to the electron extrac- 45 
tion electrode 55 (i.e., arranged so that the normal to the 
direction in which layers of the carbon six-membered 
rings are laid is substantially parallel to the surface of 
the conductive layer (electrode) 51) as shown in Figure 
22, an electric field can be concentrated to the end sur- 50 
faces. Thus, the electron emitting efficiency can be 
improved. 

[0129] When highly oriented graphite having a 
highly oriented carbon six-membered ring structure is 
used for the graphite particles 72 in the structure shown 55 
in Figure 22, the above-described effect is provided 
more conspicuously. 

[0130] In a structure shown in Figure 23, a sub- 



strate 62 having a surface having a rugged pattern is 
used instead of the substrate 61 shown in Figure 19. 
The conductive layer 51 is provided on the rugged pat- 
tern. The graphite particles 72 as the electron emitting 
material are provided along the rugged pattern, and the 
electron extraction electrode 54 is provided above the 
graphite particles 72. 

[0131] In such a structure, the graphite particles 72 
are fixed along the rugged pattern of the substrate 62, 
and unavoidably are fixed so that the end surfaces 
thereof are directed toward the electron extraction elec- 
trode 55. Due to such a structure, the end surface of 
each graphite particle 72, on which the portion at which 
the a bond of carbon six-membered rings is broken is 
exposed, is opposed to the electron extraction electrode 
55. Therefore, an electric field is efficiently concen- 
trated, thus improving the electron emitting efficiency. In 
the structure shown in Figure 23 also, use of highly ori- 
ented graphite having a highly oriented carbon six- 
membered ring structure for the graphite particles 72 
provides the above-described effect more conspicu- 
ously. 

[0132] The technique for forming the rugged pattern 
can be appropriately selected from known techniques 
for roughening the substrate surface, such as etching, 
blasting and the like. A similar effect can be obtained by 
forming a conductive layer on a flat substrate surface 
and then directly forming a rugged pattern on a surface 
of the conductive layer, instead of forming a conductive 
layer on a rugged pattern of the substrate surface (i.e., 
indirectly forming the rugged pattern on the conductive 
surface). 

[0133] When a triode structure is adopted for the 
electron emitting section 54 instead of the diode struc- 
ture, a similar effect is obtained. In the triode structure, 
a electron extraction electrode having an opening at a 
position corresponding to the electron emitting section 
54 is provided a prescribed distance away from the 
electron emitting section 54. 

[0134] In the above description, the state of the fix- 
ing material 53 is not limited to the state specifically 
illustrated in the figures. The fixing material 53 can exist 
in any other form as long as the actual electron emitting 
points from the graphite particles 72 are not covered 
with the fixing material 53. As schematically shown in 
Figure 30, for example, it is preferable that the fixing 
material on the surface of the particles 72 of an electron 
emitting material is removed to guarantee the electron 
emitting characteristics inherent in the electron emitting 
material, while a sufficient amount of fixing material 73 
remains between the conductive layer 51 and the parti- 
cles 72 to guarantee a sufficient level of fixation shown 
in the magnification circle in Figure 30. Such a state is 
realized by using a vehicle, which is a material often 
used in fluorescent material application, as the fixing 
material 53. 
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(Example 7) 

[0135] In this example, an exemplary process, for 
producing an electron emitting device, including a pre- 
ferred step of applying the fixing material described 5 
above will be explained. 

[0136] In order to easily apply the fixing material 53, 
it is preferable to apply a solution containing particles 52 
acting as an electron emitting material mixed therein by 
a spin-coating technique, a printing technique or the w 
like. By such a method, the uniformity of applying the 
fixing material is significantly improved, and the applied 
state is uniform and highly dense due to the appropriate 
viscosity of the solution. As a result, a uniform and sta- 
ble electron emission state can be obtained. 15 
[0137] With reference to Figures 24(a) through (c), 
a specific process of application will be described. 
[0138] First, as shown in Figure 24(a), the conduc- 
tive layer 51 is formed on the substrate 61. Next, as 
shown in Figure 24(b), a mixture solution of the parti- 20 
cles 52 of the electron emitting material and the fixing 
material 53 is dropped and applied on the resultant con- 
ductive layer 51 and then is dried. Thus, as shown in 
Figure 24(c), the particles 52 are fixed to the conductive 
layer 51. As a result, the particles 52 can adhere to the 25 
conductive layer 51 at a high density, uniformly and sta- 
bly. The emission current can be uniform and stable in 
this manner. 

[0139] In the case where, as shown in Figure 25, 
the substrate 61 having the conductive layer 51 formed 30 
thereon is put on a rotation table 80 and the mixture 
solution of the particles 52 and the fixing material 53 is 
dropped and applied while the rotation table 80 is 
rotated (so-called spinner application), the application 
uniformity of the particles 52 is further improved. 35 
[0140] Regarding the application of the fixing mate- 
rial 53, it is important to prevent the fixing material 53 
from remaining in a part of a surface of the particles 52 
in the vicinity of the electron emitting sites while guaran- 
teeing the fixation of the particles 52 to the conductive 40 
layer 51. In the case where the method of applying a 
mixture of the particles 52 of the electron emitting mate- 
rial and the fixing material 53 is adopted, it is especially 
preferable that the fixing material 53 fulfills the above- 
described requirements. 45 
[0141] In the case where, for example, a vehicle 
which is a material often used in fluorescent material 
application is used as the fixing material 53 as 
described above, the properties which the fixing mate- 
rial 53 should have can be obtained with certainty. 50 
[0142] When the vehicle is used as the fixing mate- 
rial, the following steps are specifically performed. After 
the step of application shown in Figure 24(b), the result- 
ant layers are dried at about 400°C for 1 hours. As a 
result, as shown in Figure 24(d), the fixing material 55 
(vehicle) on the surface of the particles 52 of the elec- 
tron emitting material is removed. Thus, the electron 
emitting characteristics inherent in the electron emitting 



material are guaranteed. Moreover, a sufficient amount 
of fixing material (vehicle) 73 remains between the con- 
ductive layer 51 and the particles 52 to guarantee a suf- 
ficient level of fixation. 

[0143] In the case where the fixing material on the 
surface of the particles cannot be removed by drying or 
heat treatment, the fixing material in an unnecessary 
portion is removed by post-treatment such as, for exam- 
ple, plasma treatment. The particles are preferably of a 
material which is unlikely to be damaged by post-treat- 
ment. For example, a carbon material, which has a high 
resistance against sputtering, is unlikely to be damaged 
by the post-treatment such as plasma treatment. 

(Example 8) 

[0144] Figure 26 is a schematic cross-sectional 
view of an image display apparatus in an eighth exam- 
ple according to the present invention. 
[0145] Specifically in Figure 26, a plurality of elec- 
tron emitting devices 211 according to the present 
invention are formed on a substrate 212a also acting as 
a part of an enclosure 212. The plurality of electron 
emitting devices 211 form an electron emitting source 
224. Reference numeral 213 represents an image form- 
ing section. The image forming section 213 includes an 
electron driving electrode 213a for performing driving 
and control such as acceleration, deflection, modulation 
and the like of electrons from the electron emitting 
devices 211, and a fluorescent member 213b applied 
on an inner surface of a part 212b of the enclosure 212. 
The fluorescent member 21 3b is caused to emit light by 
the driven electrons, thus to display an image. Although 
not specifically shown in the figure, a circuit for supply- 
ing an input signal to each of the plurality of electron 
emitting devices 211 is further provided. Due to the cir- 
cuit, emission of the electrons from the plurality of elec- 
tron emitting devices 211 is controlled in accordance 
with the input signal to each of the electron emitting 
devices 211. 

[0146] Since the electron emitting devices accord- 
ing to the present invention are used for the electron 
emitting source 211, an emission current can be 
extracted at a low voltage and stably in terms of time 
and space. Therefore, the resultant image display appa- 
ratus is of a high quality. 

[01 47] Figures 27(a) through (d) show a schematic 
process for producing an image display apparatus in 
this example. 

[0148] First, as shown in Figure 27(a), a plurality of 
electron emitting devices 211 according to the present 
invention are formed on the substrate 212a also acting 
as a part of the enclosure 212, so that the electron emit- 
ting devices 211 form the electron emitting source 224. 
The electron driving electrode 213a as a part of an 
image forming section 213 is provided (Figure 27(b)), 
and the part 212b of the enclosure having the fluores- 
cent member 213b applied on an inner surface is pro- 
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vided (Figure 27(c)). Finally, the inside of the enclosure 
212 is made a vacuum to obtain the image display 
apparatus in this example as shown in Figure 26 (Figure 
27(d)). 

[0149] In this manner, an image display apparatus 
using an electron emitting, device according to the 
present invention, which has a high quality, can be pro- 
duced. 

(Example 9) 

[0150J In a ninth example according to the present 
invention, an electron emitting source including a plural- 
ity of electron emitting devices according to the present 
invention described above will be explained. Figure 28 
schematically shows a structure of an electron emitting 
source 322 in this example. 

[0151] In the electron emitting source 322, a plural- 
ity of X direction lines X1 through Xm (comprehensively 
indicated by reference numeral 320) are electrically 
insulated from one another, and a plurality of Y direction 
lines Y1 through Yn (comprehensively indicated by ref- 
erence numeral 321) are electrically insulated from one 
another. The X direction lines 320 and the Y direction 
lines 321 are located perpendicular to each other. Each 
two adjacent X direction lines X1 through Xm have a 
distance of about 50 urn therebetween, and each two 
adjacent Y direction lines Y1 through Yn have a dis- 
tance of about 50 ujti therebetween. At each of inter- 
sections 328 of the X direction lines 320 and the Y 
direction lines 321, a plurality of electron emitting sec- 
tions 311 containing carbon having a carbon six-mem- 
bered ring structure are located on the X direction lines 
320, so that electron emitting devices according to the 
present invention can be formed at each of the intersec- 
tions 328. In this manner, the electron emitting source 
322 in this example, including a plurality of electron 
emitting devices (hereinafter, indicated by reference 
numeral 328 used for the intersections) which are 
arranged two-dimensionally and connected to form a 
simple matrix, is obtained. 

[0152] The number of the X direction lines 320 and 
the Y direction lines 321 (i.e., the value of m and n) is 
not particularly limited. The value of m and the value of 
n can be the same as, for example, 16 x 16, or can be 
different from each other. 

[0153] In the electron emitting source 322 having a 
structure shown in Figure 28, the total amount of elec- 
tron emission can be controlled using a voltage applied 
to the Y direction lines 321 as an input signal. By chang- 
ing the voltage value applied to each of the electron 
emitting devices 328, the amount of electron emission 
can be modulated. 

[0154] The electron emitting source 322 in Figure 
28 has a higher efficiency of electron emission and a 
smaller over time change of the amount of electron 
emission than the conventional structure. When an 
input signal having a distribution in the X direction and 



the Y direction is supplied to the electron emitting 
devices 328 arranged two-dimensionally as in Figure 
28, the electron emission distribution corresponding to 
the distribution of the input signal is obtained. 

5 [0155] The electron emitting source 322 in this 
example, which includes a great number of high efficient 
electron emitting devices 328, provides a large electron 
emission current by application of a small amount of 
power. The electron emitting source 322 also allows an 

w electron emitting area to be set larger. Since the amount 
of electron emission from each electron emitting device 
328 can be controlled in accordance with the input sig- 
nal, an arbitrary electron emission distribution can be 
obtained. 

15 

(Example 10) 

[01 56] In this example, an image display apparatus, 
which is formed using the electron emitting source 322 
20 produced in the ninth example, for causing a fluorescent 
member to emit light will be described. Figure 29 is a 
schematic view showing a structure of an image display 
apparatus in this example. 

[0157] The image display apparatus shown in Fig- 
25 ure 29 includes the electron emitting source 322 (see 
the ninth example) including electron emitting devices of 
the present invention connected to form a simple matrix. 
As described in the previous example, each electron 
emitting device 328 included in the electron emitting 
30 source 322 can be driven selectively and independently. 
The electron emitting source 322 is fixed to a back plate 
323. A face plate 324 is supported by a side plate 327 
and provided so as to oppose the back plate 323, thus 
to form an enclosure. A transparent electrode 325 and a 
35 fluorescent member 326 are formed in an inner surface 
of the face plate 324 (i.e., surface facing the back plate 
323). 

[0158] The inside of the enclosure formed of the 
face plate 324, the back plate 323 and the side plate 

40 327 needs to be kept vacuum. For this purpose, the 
junctions of the plates are sealed to prevent vacuum 
leakage. In this example, frit glass is baked at a temper- 
ature of about 500 C C in a nitrogen atmosphere for seal- 
ing. After the sealing, the inside of the enclosure formed 

45 of the plates is exhausted to have a high vacuum atmos- 
phere of about 1 x 10" 7 Torr or less by an oil-less 
exhausting pump such as an ion pump while being 
heated when necessary. Thereafter, the junctions are 
finally sealed. A getter (not shown) is provided inside 

so the enclosure in order to maintain the vacuum atmos- 
phere. 

[0159] The fluorescent member 326 on the inner 
surface of the face plate 324 is arranged in a black 
stripe pattern and is formed by, for example, a printing 
55 technique. The transparent electrode 325, which acts 
as a extraction electrode for applying a bias voltage for 
accelerating the emitted electrons, is formed by, for 
example, an RF sputtering technique. 
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[0160] In order to accelerate the emitted electrons, 
a very thin metalback can be provided on a surface of 
the fluorescent member 326 instead of providing the 
transparent electrode 325 (extraction electrode). In this 
structure also, the effect of the present invention is 5 
effectively obtained. 

[0161] In the image display apparatus having such 
a structure, a prescribed input signal is applied to each 
of the electron emitting devices 328 from an external 
prescribed driving circuit (not shown) through the X 10 
direction lines 320 and the Y direction lines 321 (see 
Figure 28 referred to in the ninth example). Thus, the 
electron emission from each electron emitting device 
328 is controlled and the fluorescent member 326 is 
caused to emit light in a prescribed pattern by the emit- 15 
ted electrons. The image display apparatus, such as a 
flat panel display, obtained in this manner can display a 
high luminance, high definition image. 
[0162] The enclosure formed by the plate is not lim- 
ited to have the above-described structure. For exam- 20 
pie, a support can be provided between the face plate 
324 and the back plate 323 in order to guarantee a suf- 
ficient strength against the atmospheric pressure. Alter- 
natively, a focus electrode (electrode for focusing) can 
be provided between the electron emitting source 322 25 
and the face plate 324 in order to further enhance the 
focusing characteristic of the electron beam emitted. 
[0163] As described above, the image display 
apparatus in this example includes at least an electron 
emitting source 322 including a plurality of electron 30 
emitting devices 328, an image forming member such 
as the fluorescent member 326, and an enclosure for 
maintaining the electron emitting source 322 and the 
image forming member in a vacuum state. An image is 
formed by accelerating the electrons emitted from the 35 
electron emitting source 322 (each electron emitting 
device 328) in accordance with an input signal and 
directing the electrons toward the image forming mem- 
ber (fluorescent member 326). Especially, by providing 
the electron emitting source 322 according to the 40 
present invention which is capable of highly efficient and 
highly stable electron emission, the fluorescent member 
326 can be caused to emit light having a high luminance 
with a satisfactory controllability. 

[0164] Various examples have been described. The 45 
features separately described in different examples can 
be appropriately combined. The materials of the ele- 
ments and members, and the methods for forming the 
same can be appropriately varied. 

[0165] A counter electrode (electron extraction so 
electrode) as a second electrode in the present inven- 
tion can be provided as a part of an electron emitting 
device or as a separate element not included in the 
electron emitting device. 

55 

INDUSTRIAL APPLICABILITY 

[0166] As described above, according to the 



present invention, a highly stable electron emitting 
device for emitting electrons efficiently and uniformly is 
obtained by forming an electron emitting section using 
particles containing a carbon material having a carbon 
six-membered ring structure or an aggregate of the par- 
ticles. Especially, in the case where a carbon material 
having a structure in which a o bond of carbon six-mem- 
bered rings is broken (e.g., graphite or carbon nano- 
tubes) is used as an electron emitting material for 
forming the electron emitting section, the electrons can 
be emitted more efficiently and thus a large amount of 
emission current is obtained. 

[0167] In an electron emitting source including a 
plurality of electron emitting devices according to the 
present invention which are, for example, arranged two- 
dimensionally, the area from which the electrons are 
emitted can be enlarged. By appropriately setting the 
electric connection state to each of the electron emitting 
devices forming the electron emitting source, the 
amount of electron emission from each electron emit- 
ting device can be controlled in accordance with the 
input signal. An arbitrary electron emission distribution 
can be obtained, or the power consumption can be 
reduced. 

[01 68] By combining the above-mentioned electron 
emitting device (electron emitting source) and an image 
forming member irradiated with electrons to form an 
image, an image display apparatus capable of causing 
the image forming member to emit light having a high 
luminance with a satisfactory controllability (for exam- 
ple, flat panel display) can be provided. 
[01 69] According to the present invention, a carbon 
material having a structure in which a a bond of carbon 
six-membered rings is broken (e.g., graphite or carbon 
nanotubes), which is very suitable for forming an elec- 
tron emitting section, can be used in a format capable of 
acting as an electron emitting section, at a prescribed 
surface with a satisfactory reproducibility at an arbitrary 
density. Thus, a highly efficient electron emitting device 
can easily be formed. 

[0170] In another structure of the electron emitting 
device according to the present invention, particles of 
an electron emitting material are fixed to a conductive 
layer acting as an electron supply source with a fixing 
material. Due to such a structure, a stable and highly 
reliable fixation state is realized, thus stabilizing the 
emission current. 

[0171 ] For application of a fixing material, a solution 
obtained by mixing particles of the electron emitting 
material in a fixing material can be applied by, for exam- 
ple, spin coating due to the appropriate viscosity 
thereof. Since this realizes easy application of a fixing 
material, a uniform and highly dense distribution of par- 
ticles or aggregates of particles in the electron emitting 
section can easily be realized. This allows a uniform 
and highly dense emission state and further production 
of a highly efficient electron emitting device to be real- 
ized easily. 
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Claims 

1 . An electron emitting device, comprising at least a 
first electrode and an electron emitting section pro- 
vided on the first electrode, wherein: 5 

the electron emitting section is formed of a par- 
ticle or an aggregate of particles, and 
the particle contains a carbon material having a 
carbon six-membered ring structure. w 

2. An electron emitting device according to claim 1 , 
further comprising a second electrode provided in 
the vicinity of the electron emitting section. 

75 

3. An electron emitting device according to claim 1, 
wherein the electron emitting section is fixed to the 
first electrode with a fixing material. 

4. An electron emitting device according to claim 1, 20 
wherein the first electrode has a surface having a 
rugged pattern, and the electron emitting section is 
provided on the rugged pattern of the surface. 

5. An electron emitting device according to claim 1, 25 
wherein the carbon material having a carbon six- 
membered ring structure has graphite as a main 
component. 

6. An electron emitting device according to claim 5, 30 
wherein the graphite is highly oriented graphite. 

7. An electron emitting device according to claim 1, 
wherein the electron emitting section is provided on 
the first electrode in a state where a portion at 35 
which a o bond of carbon six-membered rings is 
broken is directed in an electron emitting direction. 

8. An electron emitting device according to claim 1, 
wherein the carbon material having a carbon six- 40 
membered ring structure has graphite as a main 
component, and the electron emitting section is 
provided on the first electrode in a state where the 
normal to a direction in which layers of graphite are 
laid is substantially parallel to a surface of the first 45 
electrode. 

9. An electron emitting device according to claim 1 , 
wherein the carbon material having a carbon six- 
membered ring structure has graphite as a main so 
component; the electron emitting section is pro- 
vided on the first electrode in a state where the nor- 
mal to a direction in which layers of graphite are laid 

is substantially perpendicular to a surface of the 
first electrode; and a portion at which a o bond of 55 
carbon six-membered rings is broken exists on a 
top surface of the graphite. 



10. An electron emitting device according to claim 1, 
wherein the carbon material having a carbon six- 
membered ring structure has a carbon nanotube as 
a main component. 

11. An electron emitting device according to claim 10, 
wherein a tip of the carbon nanotube projects from 
a surface of the particle. 

12. An electron emitting device according to claim 10, 
wherein a tip of the carbon nanotube is opened 
without being closed. 

13. An electron emitting device according to claim 10, 
wherein the carbon nanotube is formed by refining 
bulk carbon containing a carbon nanotube gener- 
ated by arc discharge between carbon electrodes. 

14. An electron emitting device according to claim 10, 
wherein the carbon nanotube is formed by a 
plasma CVD technique utilizing a catalyst. 

15. An electron emitting device according to claim 3, 
wherein the fixing material is a vehicle. 

16. An electron emitting device according to claim 1, 
wherein the first electrode includes an element 
which is capable of generating a carbon compound. 

17. An electron emitting device according to claim 1, 
wherein the first electrode includes a multiple layer 
structure including at least one semiconductor 
layer. 

18. An electron emitting device, comprising at least a 
first electrode and an electron emitting section pro- 
vided on the first electrode, wherein: 

the electron emitting section is formed of a par- 
ticle or an aggregate of particles, and 
the electron emitting section is fixed on the first 
electrode with a fixing material. 

19. An electron emitting device according to claim 18, 
wherein the particle contains a carbon material 
having a carbon six-membered ring structure. 

20. An electron emitting device according to claim 1 8, 
wherein the fixing material is a vehicle. 

21. An electron emitting device according to claim 18, 
wherein the fixing material exists only in a portion of 
a surface of the first electrode at which the electron 
emitting section is fixed and does not exist in the 
remaining part of the surface of the first electrode. 

22. A method for producing an electron emitting device, 
comprising at least the steps of: 
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forming a first electrode; and 
providing an electron emitting section formed 
of a particle or an aggregate of particles on the 
first electrode, 

wherein a particle formed of a material contain- 
ing a carbon material having a carbon six- 
membered ring structure is used as the parti- 
cle. 

23. A method for producing an electron emitting device 
according to claim 22, further comprising the step 
of providing a second electrode in the vicinity of the 
electron emitting section. 

24. A method for producing an electron emitting device 
according to claim 22, wherein the step of providing 
the electron emitting section includes the step of fix- 
ing the electron emitting section to the first elec- 
trode with a fixing material. 

25. A method for producing an electron emitting device 
according to claim 24, wherein a vehicle is used as 
the fixing material. 

26. A method for producing an electron emitting device 
according to claim 22, further comprising the step 
of forming a surface of the first electrode to have a 
rugged pattern, wherein the electron emitting sec- 
tion is provided along the rugged pattern. 

27. A method for producing an electron emitting device 
according to claim 26, wherein the rugged pattern 
is formed by a sand blasting technique. 

28. A method for producing an electron emitting device 
according to claim 26, wherein the rugged pattern 
is formed by an etching technique. 

29. A method for producing an electron emitting device 
according to claim 22, wherein the step of providing 
the electron emitting section on the first electrode 
includes: 

an application step of applying a solution 
obtained by mixing the particle in a prescribed 
fixing material onto a surface of the first elec- 
trode, and 

a drying step of drying the applied solution. 



w 



15 



20 



25 



30. A method for producing an electron emitting device 
according to claim 29, wherein the application step 
is performed by spinner application. 

31. A method for producing an electron emitting device 
according to claim 29, wherein by the drying step, 
the fixing material is removed from a part of a sur- 
face of the electron emitting section, the part being 
in the vicinity of an electron emitting site and includ- 



ing the electron emitting site. 

32. A method for producing an electron emitting device 
according to claim 29, further comprising the step 
of removing the fixing material at least from a part 
of a surface of the electron emitting section, the 
part being in the vicinity of an electron emitting site 
and including the electron emitting site. 

33. A method for producing an electron emitting device 
according to claim 22, wherein the step of providing 
the electron emitting section on the first electrode 
includes: 

an application step of applying a solution which 
contains a particle forming the electron emit- 
ting device mixed therein onto a surface of the 
first electrode, and 

a treatment step of removing the solution at 
least from a part of a surface of the electron 
emitting section, the part being in the vicinity of 
an electron emitting site and including the elec- 
tron emitting site, while forming a carbide 
between the electron emitting section and the 
first electrode, 

wherein the electron emitting section is fixed to 
the first electrode with the carbide. 

34. A method for producing an electron emitting device 
according to claim 33, wherein the treatment step 
includes a step of exposure to a plasma containing 
at least one of hydrogen, oxygen, nitrogen, argon, 
krypton and hydrocarbon. 



35 35. A method for producing an electron emitting device, 
comprising at least the steps of: 



forming a first electrode; and 
providing an electron emitting section formed 
of a particle or an aggregate of particles on the 
first electrode, 

wherein the step of providing the electron emit- 
ting section on the first electrode includes: 
an application step of applying a solution 
obtained by mixing a prescribed fixing material 
and the particle forming the electron emitting 
section onto a surface of the first electrode, and 
a drying step of drying the solution so as to 
remove the fixing material at least from a part 
of a surface of the electron emitting section, the 
part being in the vicinity of an electron emitting 
site and including the electron emitting site. 
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36. A method for producing an electron emitting device 
according to claim 35, wherein a particle formed of 
a material containing a carbon material having a 
carbon six-membered ring structure is used as the 
Darticlft. 
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37. A method for producing an electron emitting device 
according to claim 35, wherein a vehicle is used as 
the fixing material. 

38. A method for producing an electron emitting device 5 
according to claim 35, wherein as a result of the 
drying step, the fixing material exists only in a por- 
tion of the surface of the first electrode at which the 
electron emitting section is fixed and does not exist 

in the remaining part of the surface of the first elec- w 
trode. 

39. An electron emitting source, comprising: 

a plurality of electron emitting devices arranged is 

in a prescribed pattern; and 

means for supplying an input signal to each of 

the plurality of electron emitting devices, 

wherein: 

each of the plurality of electron emitting 20 
devices is according to claim 1 , and 
the plurality of electron emitting devices each 
emit electrons in accordance with the input sig- 
nal thereto. 

25 

40. An image display apparatus, comprising: 

an electron emitting source according to claim 
39; and 

an image forming member irradiated with elec- 30 
trons emitted from the electron emitting source 
to form an image. 

41. An electron emitting source, comprising: 

35 

a plurality of electron emitting devices arranged 
in a prescribed pattern; and 
means for supplying an input signal to each of 
the plurality of electron emitting devices, 
wherein: 40 
each of the plurality of electron emitting 
devices is according to claim 18, and 
the plurality of electron emitting devices each 
emit electrons in accordance with the input sig- 
nal thereto. 45 

42. An image display apparatus, comprising: 

an electron emitting source according to claim 
41; and 50 
an image forming member irradiated with elec- 
trons emitted from the electron emitting source 
to form an image. 

43. A method for producing an electron emitting 55 
source, comprising the steps of: 

forming a plurality of electron emitting devices 
VviiiCn are arranycu in a piesuribeu pattern so 



as to emit electrons in accordance with an input 
signal to each of the plurality of electron emit- 
ting devices; and 

forming means for supplying the input signal to 
each of the plurality of electron emitting 
devices, 

wherein each of the plurality of electron emit- 
ting devices is formed by a method according 
to claim 22. 

44. A method for producing an image display appara- 
tus, comprising the steps of: 

forming an electron emitting source; and 
providing an image forming member, irradiated 
with electrons emitted from the electron emit- 
ting source to form an image, at a prescribed 
positional relationship with respect to the elec- 
tron emitting source, 

wherein the electron emitting source is formed 
by a method according to claim 43. 

45. A method for producing an electron emitting 
source, comprising the steps of: 

forming a plurality of electron emitting devices 
which are arranged in a prescribed pattern so 
as to emit electrons in accordance with an input 
signal to each of the plurality of electron emit- 
ting devices; and 

forming means for supplying the input signal to 
each of the plurality of electron emitting 
devices, 

wherein each of the plurality of electron emit- 
ting devices is formed by a method according 
to claim 35. 

46. A method for producing an image display appara- 
tus, comprising the steps of: 

forming an electron emitting source; and 
providing an image forming member, irradiated 
with electrons emitted from the electron emit- 
ting source to form an image, at a prescribed 
positional relationship with respect to the elec- 
tron emitting source, 

wherein the electron emitting source is formed 
by a method according to claim 45. 

Amended claims under Art. 19.1 PCT 

1. (Amended) An electron emitting device, compris- 
ing at least a first electrode and an electron emitting 
section provided on the first electrode, wherein: 

the electron emitting section is formed of a par- 
ticle or an aggregate of particles, and 
the particle contains a carbon material having a 
carbon six-membered ring structures the struc- 
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ture having a portion at which a a bond of car- 
bon six-membered rings is broken. 

2. An electron emitting device according to claim 1 , 
further comprising a second electrode provided in 5 
the vicinity of the electron emitting section. 

3. An electron emitting device according to claim 1 , 
wherein the electron emitting section is fixed to the 
first electrode with a fixing material. w 

4. An electron emitting device according to claim 1 , 
wherein the first electrode has a surface having a 
rugged pattern, and the electron emitting section is 
provided on the rugged pattern of the surface. 15 

5. An electron emitting device according to claim 1 , 
wherein the carbon material having a carbon six- 
membered ring structure has graphite as a main 
component. 20 

6. An electron emitting device according to claim 5, 
wherein the graphite is highly oriented graphite. 

7. An electron emitting device according to claim 1 , 25 
wherein the electron emitting section is provided on 

the first electrode in a state where a portion at 
which the o bond of the carbon six-membered rings 
is broken is directed in an electron emitting direc- 
tion. 30 

8. (Amended) An electron emitting device accord- 
ing to claim 1 , wherein the carbon material having a 
carbon six-membered ring structure, the structure 
having a portion at which a c bond of carbon six- 35 
membered rings is broken, has graphite as a main 
component, and the electron emitting section is 
provided on the first electrode in a state where the 
normal to a direction in which layers of graphite are 
laid is substantially parallel to a surface of the first 40 
electrode. 

9. (Amended) An electron emitting device accord- 
ing to claim 1 , wherein the carbon material having a 
carbon six-membered ring structure, the structure 45 
having a portion at which a o bond of carbon six- 
membered rings is broken, has graphite as a main 
component; the electron emitting section is pro- 
vided on the first electrode in a state where the nor- 
mal to a direction in which layers of graphite are laid 50 
is substantially perpendicular to a surface of the 
first electrode; and the portion at which the a bond 

of the carbon six-membered rings is broken exists 
on a top surface of the graphite. 

55 

10. (Amended) An electron emitting device accord- 
ing to claim 1 , wherein the carbon material having a 
carbon six-membered ring structure, the structure 



having a portion at which a o bond of carbon six- 
membered rings is broken, has a carbon nanotube 
as a main component. 

1 1 . An electron emitting device according to claim 
10, wherein a tip of the carbon nanotube projects 
from a surface of the particle. 

12. An electron emitting device according to claim 
10, wherein a tip of the carbon nanotube is opened 
without being closed. 

13. An electron emitting device according to claim 
10, wherein the carbon nanotube is formed by refin- 
ing bulk carbon containing a carbon nanotube gen- 
erated by arc discharge between carbon 
electrodes. 

14. An electron emitting device according to claim 
10, wherein the carbon nanotube is formed by a 
plasma CVD technique utilizing a catalytic action. 

15. An electron emitting device according to claim 
3, wherein the fixing material is a vehicle. 

16. An electron emitting device according to claim 
1, wherein the first electrode includes an element 
which is capable of generating a carbon compound. 

17. An electron emitting device according to claim 
1, wherein the first electrode includes a multiple 
layer structure including at least one semiconductor 
layer. 

18. An electron emitting device, comprising at least 
a first electrode and an electron emitting section 
provided on the first electrode, wherein: 

the electron emitting section is formed of a par- 
ticle or an aggregate of particles, and 
the electron emitting section is fixed on the first 
electrode with a fixing material. 

19. (Amended) An electron emitting device accord- 
ing to claim 18, wherein the particle contains a car- 
bon material having a carbon six-membered ring 
structure, the structure having a portion at which a 
c bond of carbon six-membered rings is broken. 

20. An electron emitting device according to claim 
18, wherein the fixing material is a vehicle. 

21 . An electron emitting device according to claim 
18, wherein the fixing material exists only in a por- 
tion of a surface of the first electrode at which the 
electron emitting section is fixed and does not exist 
in the remaining part of the surface of the first elec- 
trode. 
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22. (Amended) A method for producing an electron 
emitting device, comprising at least the steps of: 

forming a first electrode; and 
providing an electron emitting section formed 5 
of a particle or an aggregate of particles on the 
first electrode, 

wherein a particle formed of a material contain- 
ing a carbon material having a carbon six- 
membered ring structure, the structure having 10 
a portion at which a o bond of carbon six-mem- 
bered rings is broken, is used as the particle. 

23. A method for producing an electron emitting 
device according to claim 22, further comprising the 15 
step of providing a second electrode in the vicinity 

of the electron emitting section. 

24. A method for producing an electron emitting 
device according to claim 22, wherein the step of 20 
providing the electron emitting section includes the 
step of fixing the electron emitting section to the first 
electrode with a fixing material. 

25. A method for producing an electron emitting 25 
device according to claim 24, wherein a vehicle is 
used as the fixing material. 

26. A method for producing an electron emitting 
device according to claim 22, further comprising the 30 
step of forming a surface of the first electrode to 
have a rugged pattern, wherein the electron emit- 
ting section is provided along the rugged pattern. 

27. A method for producing an electron emitting 35 
device according to claim 26, wherein the rugged 
pattern is formed by a sand blasting technique. 

28. A method for producing an electron emitting 
device according to claim 26, wherein the rugged 40 
pattern is formed by an etching technique. 

29. A method for producing an electron emitting 
device according to claim 22, wherein the step of 
providing the electron emitting section on the first 45 
electrode includes: 

an application step of applying a solution 
obtained by mixing the particle in a prescribed 
fixing material onto a surface of the first elec- so 
trode, and 

a drying step of drying the applied solution. 

30. A method for producing an electron emitting 
device according to claim 29, wherein the applica- 55 
tion step is performed by spinner application. 

31. A method for producing an electron emitting 
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step, the fixing material is removed from a part of a 
surface of the electron emitting section, the part 
being in the vicinity of an electron emitting site and 
including the electron emitting site. 

32. A method for producing an electron emitting 
device according to claim 29, further comprising the 
step of removing the fixing material at least from a 
part of a surface of the electron emitting section, 
the part being in the vicinity of an electron emitting 
site and including the electron emitting site. 

33. A method for producing an electron emitting 
device according to claim 22, wherein the step of 
providing the electron emitting section on the first 
electrode includes: 

an application step of applying a solution which 
contains a particle forming the electron emit- 
ting device mixed therein onto a surface of the 
first electrode, and 

a treatment step of removing the solution at 
least from a part of a surface of the electron 
emitting section, the part being in the vicinity of 
an electron emitting site and including the elec- 
tron emitting site, while forming a carbide 
between the electron emitting section and the 
first electrode, 

wherein the electron emitting section is fixed to 
the first electrode with the carbide. 

34. A method for producing an electron emitting 
device according to claim 33, wherein the treatment 
step includes a step of exposure to a plasma con- 
taining at least one of hydrogen, oxygen, nitrogen, 
argon, krypton and hydrocarbon. 

35. A method for producing an electron emitting 
device, comprising at least the steps of: 

forming a first electrode; and 
providing an electron emitting section formed 
of a particle or an aggregate of particles on the 
first electrode, 

wherein the step of providing the electron emit- 
ting section on the first electrode includes: 
an application step of applying a solution 
obtained by mixing a prescribed fixing material 
and the particle forming the electron emitting 
section onto a surface of the first electrode, and 
a drying step of drying the solution so as to 
remove the fixing material at least from a part 
of a surface of the electron emitting section, the 
part being in the vicinity of an electron emitting 
site and including the electron emitting site. 

36. (Amended) A method for producing an electron 
emitting device according to claim 35, wherein a 
pariicie formed of a material containing a carbon 
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material having a carbon six-membered ring struc- 
ture, the structure having a portion at which a a 
bond of carbon six-membered rings is broken, is 
used as the particle. 

5 

37. A method for producing an electron emitting 
device according to claim 35, wherein a vehicle is 
used as the fixing material. 

38. A method for producing an electron emitting w 
device according to claim 35, wherein as a result of 

the drying step, the fixing material exists only in a 
portion of the surface of the first electrode at which 
the electron emitting section is fixed and does not 
exist in the remaining part of the surface of the first 15 
electrode. 

39. An electron emitting source, comprising: 



43. A method for producing an electron emitting 
source, comprising the steps of: 

forming a plurality of electron emitting devices 
which are arranged in a prescribed pattern so 
as to emit electrons in accordance with an input 
signal to each of the plurality of electron emit- 
ting devices; and 

forming means for supplying the input signal to 
each of the plurality of electron emitting 
devices, 

wherein each of the plurality of electron emit- 
ting devices is formed by a method according 
to claim 22. 

44. A method for producing an image display appa- 
ratus, comprising the steps of: 



a plurality of electron emitting devices arranged 20 

in a prescribed pattern; and 

means for supplying an input signal to each of 

the plurality of electron emitting devices, 

wherein: 

each of the plurality of electron emitting 25 
devices is according to claim 1 , and 
the plurality of electron emitting devices each 
emit electrons in accordance with the input sig- 
nal thereto. 



40. An image display apparatus, comprising: 



41 . An electron emitting source, comprising: 



30 



an electron emitting source according to claim 
39; and 

an image forming member irradiated with elec- 35 
trons emitted from the electron emitting source 
to form an image. 



40 



a plurality of electron emitting devices arranged 
in a prescribed pattern; and 
means for supplying an input signal to each of 
the plurality of electron emitting devices, 
wherein: 45 
each of the plurality of electron emitting 
devices is according to claim 18, and 
the plurality of electron emitting devices each 
emit electrons in accordance with the input sig- 
nal thereto. 50 

42. An image display apparatus, comprising: 

an electron emitting source according to claim 
41 ; and 55 
an image forming member irradiated with elec- 
trons emitted from the electron emitting source 
to form an image. 



forming an electron emitting source; and 
providing an image forming member, irradiated 
with electrons emitted from the electron emit- 
ting source to form an image, at a prescribed 
positional relationship with respect to the elec- 
tron emitting source, 

wherein the electron emitting source is formed 
by a method according to claim 43. 

45. A method for producing an electron emitting 
source, comprising the steps of: 

forming a plurality of electron emitting devices 
which are arranged in a prescribed pattern so 
as to emit electrons in accordance with an input 
signal to each of the plurality of electron emit- 
ting devices; and 

forming means for supplying the input signal to 
each of the plurality of electron emitting 
devices, 

wherein each of the plurality of electron emit- 
ting devices is formed by a method according 
to claim 35. 

46. A method for producing an image display appa- 
ratus, comprising the steps of: 

forming an electron emitting source; and 
providing an image forming member, irradiated 
with electrons emitted from the electron emit- 
ting source to form an image, at a prescribed 
positional relationship with respect to the elec- 
tron emitting source, 

wherein the electron emitting source is formed 
by a method according to claim 45. 
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